ABSTRACT
INTRODUCTION
Acute pancreatitis (AP) is an inflammatory disease of the pancreas that may involve the surrounding tissue and distant organ systems (1) (2) (3) . AP is one of the most common gastrointestinal system diseases that require hospitalization. Annually, 270,000 patients are hospitalized due to AP just in the United States, and the in-hospital treatment costs are higher than US$2.5 billion/year (4) . In 80% to 90% of the patients, AP occurs as a self-limiting disease that does not require any specific treatment; however, in 10% to 20% of the cases, it occurs in its clinically severe form that may cause local or systemic complications (5). Our treatment goal must be to diagnose severe cases early and to limit the complications (5). Early diagnosis of severe AP is critical for starting supportive treatment in time, recognizing complications as soon as possible, and referring the patients to suitable centers (6) . In order to plan treatment according to the severity of the disease scoring systems, multiple criteria and some serum markers are used to recognize patients at risk for severe disease and the development of complications. One of these indicators could be the neutrophil-to-lymphocyte ratio (NLR). The NLR is calculated by dividing the number of neutrophils in the peripheral blood by the number of lymphocytes. According to the current literature, the NLR is accepted as a parameter that reflects the negative effects of high neutrophil numbers that indicate an acute inflammatory response and the effects of low lymphocyte numbers that indicate the deterioration in the general health condition and physiological stress together (7, 8) . High NLRs have been associated with poor prognosis in benign and malignant clinical conditions (9) . The NLR can be calculated quickly and simply using a complete blood count in the emergency department, and studies have shown that the NLR provides valuable information for interventions during the critical hours (10) . The aim of this prospective study was to evaluate the association of the NLR with the severity and systemic complications of AP.
MATERIALS AND METHODS

Study population and study protocol
This prospective observational cohort study was conducted in the emergency department of a tertiary hospital that treats 300,000 patients/year. A total of 100 consecutive patients with a diagnosis of AP between June 2014 and January 2015 were included in the study.
Inclusion criteria
All patients diagnosed with AP were included in the study. The diagnosis of AP was based on the presence of two or more of the following (11): abdominal pain consistent with AP (acute onset, often radiating to the back, continuous, and severe pain), elevation over three times the upper normal limit of serum amylase/lipase, and characteristic findings of AP on contrast-mediated computed tomography (CT), magnetic resonance imaging, or abdominal ultrasonography (USG).
Exclusion criteria
Exclusion criteria were patients <18 years old, pregnant patients, patients with onset of symptoms >48 h ago, patients with hemoproliferative disease, patients receiving chemotherapy (in the previous month), patients with chronic liver disease, patients on steroids or antibiotics, patients who have received blood transfusion (in the previous month), and patients with findings or symptoms of infections of other organ systems.
The vital findings, demographic characteristics, NLR calculated on admission and at 48 h (NLR48), and laboratory findings were recorded. According to the revised Atlanta classification, the AP cases were divided into three groups: mild, moderate, and severe AP. The revised Atlanta Score was calculated for all patients. Patients with mild AP according to the revised Atlanta classification were given 1 point, patients with moderate AP were given 2 points, and patients with severe AP were given 3 points.
Owing to the fact that there were less than five patients in the severe risk group, patients in this group were included in the moderate risk group. The Ranson scores of the patients were calculated and recorded on the study forms. A total of two groups were formed. Patients with Ranson scores of <3 points were classified as mild, and patients with Ranson scores of ≥3 points were grouped as severe AP. Patients were divided into AP with and without systemic complications. Patients were grouped into quartiles according to their NLR values on admission, and four groups were formed. Patients with an NLR lower than the first quartile (NLR ≤3.68; n=25) were categorized in Group 1, patients with an NLR value between the first and the second quartiles (3.69≤NLR≤6.03; n=25) in Group 2, patients with an NLR value between the second and the third quartiles (6.04≤NLR≤10.28; n=25) in Group 3, and patients with an NLR value higher than the third quartile (NLR >10.28; n=25) in Group 4.
The duration of hospital stay, the need for intensive care, the need for surgical treatment, and the development of complications were assessed. One month after having been discharged from the hospital, patients were examined by abdominal USG for local complications and, if clinically necessary, with additional CT scans. Samples for complete blood count were obtained from the peripheral blood. Samples of peripheral blood were placed in Ethylene diamine tetra acetic acid (EDTA) tubes. A complete blood count was performed by an automated analyzer (Siemens ADVIA 120 hematology analyzer; Siemens, Eschborn, Germany). The NLR values were calculated by dividing the neutrophil number in the peripheral blood by the lymphocyte number.
Statistical analysis
Statistical analysis was performed using the Statistical Package for the Social Sciences version 15 for Windows (SPSS Inc.; Chicago, IL, USA). Both visual (histogram and probability graphs) and analytical (Kolmogorov-Smirnov and Shapiro-Wilk tests) methods were used to determine whether data were normally or non-normally distributed. Descriptive variables were expressed as mean±standard deviation (SD) for data that were normally distributed and as median and interquartile range (IQR) for variables that were not normally distributed. For comparison of the differences between the groups, the Mann-Whitney U test and independent t-test were used for quantitative variables, and the chi-square test and Fisher's exact test were used for categorical variables. Patients were divided into four groups according to their NLR values on admission. The differences between these groups were analyzed using the Kruskal-Wallis test. The comparison between the two groups was made using the Mann-Whitney U test and the Bonferroni correction. The usability of the NLR on admission and at 48 h for predicting the development of systemic complications was assessed using a receiver operating characteristic (ROC) curve. The cut-off value was calculated using the Youden's J index. A p value of <0.05 was accepted as statistically significant with 95% confidence interval (CI).
Written informed consent was obtained from all patients prior to enrollment to the study. Ethics Committee of Konya Training and Research Hospital (2014/74) approved the study protocol in accordance with the Declaration of Helsinki and Good Clinical Practices.
RESULTS
A total of 100 patients including 60 (60%) females and 40 (40%) males were included in the study. The youngest patient was 19 years old, and the oldest was 92 years old. The mean age of the patients was 58.55±18.42 years. Whereas 51 (51%) patients presented with abdominal pain typical for pancreatitis, 47 (47%) presented with non-specific abdominal pain, and 2 (2%) presented with deterioration of the general condition. Five (5%) patients required intensive care, and 4 (4%) patients required mechanical ventilation. Ninety-seven (97%) patients were discharged with recovery, but 3 (3%) died due to multiple organ failure. Table 1 shows the demographic characteristics of the patients.
Local complications developed in 10 (10%) patients, and systemic complications developed in 16 (16%) patients (Table 2 ). Patients were divided into two groups according to the Ranson scores: mild (<3 points) and severe (≥3 points) AP. A statistically significant difference was determined with respect to the NLR of the two groups (p<0.001; 4.56 (4.74) and 9.60 (13.68) values of median (IQR) NLR in the mild and severe groups, respectively).
According to the revised Atlanta classification, 81 (81%) patients had mild AP and 19 (19%) had moderate or severe AP. These two groups were compared with respect to demographic characteristics, laboratory results on presentation, surgical treatment, and local and systemic complications. A statistically significant difference was observed between the NLR calculated for the two groups formed according to the revised Atlanta classification (p<0.001) ( Table 3 ).
For the correlation analyses, we identified the presence of a statistically significant and positive correlation between the admission NLR, the Ranson score, the revised Atlanta score, and the duration of hospitalization (p<0.001; r=0.551, 0.451, and 0.495, respectively). Systemic complications developed in 4% (1 patient) of the patients in the first NLR quartile. This rate increased up to 40% (10 patients) in the fourth NLR quartile (p<0.001). The Ranson score was ≥3 in 16% (4 patients) of the patients in the first NLR quartile, whereas this rate increased up to 60% (15 patients) in the fourth NLR quartile (p<0.001) ( Table 4) . The NLR was higher in all biliary and non-biliary AP types with systemic complications than in AP without complications (p<0.05) ( Table 5) . A ROC curve analysis was performed to determine the cut-off value of the NLR in emergency service in order for it to be used to distinguish patients with AP with and without systemic complications. The area under the ROC curve (AUC) was 0.81. Sensitivi- (Figure 2 ). The performance of the inflammation markers in predicting the development of systemic complications was assessed. The AUC of the white blood cell (WBC), NLR, C-reactive protein, and procalcitonin were 0.80, 0.81, 0.79, and 0.81, respectively (Table 6) .
DISCUSSION
In most patients, AP runs a mild clinical course without complications, requiring only short-term hospitalization. However, the remaining 20% of the patients have a complicated clinical course. These patients may suffer longterm intensive care admission, long-term hospitalization, and invasive interventions, and significant mortality rates may occur (12) . The scoring systems that have been used to determine the prognosis and severity of AP have various limitations. The search for new parameters to add to these scoring systems is one of the active discussions at present. The NLR value can be calculated quickly and simply using a complete blood count in the emergency department. We examined its association with the severity and systemic complications of AP in the present study. According to the data obtained in our study, the NLR was significantly higher in the severe AP groups than in the mild AP groups according to both Ranson scoring and revised Atlanta classification (p<0.001). Furthermore, the systemic complications of AP could be detected with 87.50% sensitivity and 69.05% specificity in our study, when the cut-off level for NLR was 7.13.
Neutrophils provoke the inflammatory cytokine cascades (interleukin (IL)-6, IL-8, and tumor necrosis factor alpha), Table 6 . The ROC analysis of inflammation markers in predicting the development of systemic complications proteolytic enzymes (myeloperoxidase, elastase, collagenase, and β-glucuronidase), and free oxygen radicals and stimulate inflammation and tissue destruction (13) . It has been observed that these inflammatory mediators have important effects on the systemic inflammatory response during AP (14) . An increase in the neutrophil count indicates the development of systemic inflammatory response syndrome (SIRS) and multiple organ failure syndrome, which are indicators of severe AP (9) . Neutrophils provoke the inflammatory cascade and SIRS in AP, leading to a decrease in the lymphocyte count during severe sepsis, and this is associated with a poor prognosis (15-17). SIRS, multiple organ failure, and severe sepsis are systemic complications of AP. Studies have also shown that there is an association between the low peripheral lymphocyte count and the severity of the disease in AP cases (18, 19) .
It has been determined that the NLR is associated with various abdominal diseases. A previous study published in 2014 has shown that the NLR is a useful parameter for the diagnosis of acute appendicitis. In the present study, among patients who had undergone appendectomy due to appendicitis, patients with a histopathologically confirmed diagnosis of appendicitis had higher NLR values than those with normal pathology results. In the same study, patients with complicated appendicitis (perforated or gangrenous) had higher NLR values than those with uncomplicated appendicitis (20). It was also shown that a high NLR was correlated with the severity of the disease in acute cholecystitis, one of the causes of acute abdomen.
In patients who had undergone cholecystectomy for acute cholecystitis, an NLR of >3 on admission was seen to be associated with severe cholecystitis (changes secondary to cholecystitis, such as bleeding, gangrene, emphysema, and perforation), long duration of surgery, and prolonged hospitalization. An NLR value <3 is associated with simple cholecystitis, short surgery duration, and short hospitalization (21, 22) . It has also been identified that the rate of intensive care admission and the length of hospitalization of patients with AP increase with an increase in the NLR (23).
In the study they conducted between 2007 and 2011 including 629 patients treated with the diagnosis of AP, Jones et al. (24) examined the association between the severity of pancreatitis, disease prognosis, in-hospital mortality, and NLR. They reported that they detect a significant association between "the NLR and lymphocyte count" and the severity and prognosis of pancreatitis and in-hospital mortality. A total of 283 patients were analyzed in the study conducted by Azab et al. (23) . They demonstrated that the NLR value is significantly higher in severe AP cases than in mild-moderate AP cases. They showed that the NLR is superior to the WBC for predicting intensive care admission on their ROC curve for admission to the intensive care unit. They also reported the NLR cut-off value for predicting intensive care admission and duration of hospitalization as ≥4.7. On the other hand, Suppiah et al. admission, day 1, and day 2. They reported the admission NLR cut-off value as 10.6, day 1 NLR cut-off value as 8.1, and day 2 NLR cut-off value as 4.8 in their ROC analysis to predict patients with mild and severe AP.
In the present study, we performed the ROC analysis in order to predict the risk of systemic complications in patients with AP and determined the cut-off levels on both admissions to the emergency unit and at 48 h. In our study, the admission NLR cut-off value (>7. The AUC value observed in our study was higher than those observed in the previous studies; therefore, the validity of the cut-off level obtained in our study is higher. On the other hand, the NLR48 cut-off value (>6.2) obtained in our study to predict systemic complications was higher than that obtained in the study by Suppiah et al. (9) (cut-off=4.8). However, the sensitivity, specificity, positivity, and NPVs obtained in our study were statistically more significant.
In a retrospective study conducted in South Korea, the NLR on admission and on day 2 was found to be significantly higher in the moderate+severe AP group classified according to the revised Atlanta classification than in the mild AP group (p=0.01 and p=0.001, respectively) (25) . In the ROC analysis of the same study conducted to predict progression into organ failure, the cut-off value for NLR on admission was calculated to be 5.03 (AUC: 0.62, 95% CI: 0.51-0.72; p<0.05). In our study, both NLR on admission and NLR48 were found to be significantly higher in the moderate+severe AP group classified according to the revised Atlanta classification than in the mild AP group (p<0.001). Additionally, the NLR on admission calculated according to the Ranson score was observed to be significantly higher in the severe AP group than in the mild AP group (median (IQR): 9.60 (13.68) vs 4.56 (4.74), respectively; p<0.001). In our study, parallel to the religious beliefs of the society, no case of alcoholic pancreatitis was observed, and gallstones were observed in the etiology of 61% of the patients. In the study by Jeon et al. (25) , the etiology of AP comprised alcohol in 51% of the patients and gallstones in 27.8%. The outcomes of the study conducted in South Korea (25) and our study were parallel despite the etiologies of AP being different.
Similar to the studies by Suppiah et al. (9) and Jeon et al. (25) , we investigated the predictive value of the NLR for systemic complications in patients with AP. In our study, the cut-off value for prediction of systemic complications in patients with AP was calculated to be >7.13, which was different than those observed in the studies by Jeon et al. (25) without any selection criteria. In our study, some of the patients (those using steroid or antibiotic medication and those with hemoproliferative diseases or chronic hepatic disorders) were not included in the study since the WBC and, therefore, the NLR values may be affected. Antibiotherapy may reduce the inflammation and may affect the WBC and NLR in the treatment of AP. Thus, the NLR value on admission is more important because patients with AP, and especially cases with severe AP, may undergo antibiotherapy following hospitalization, and hence, the NLR may be affected. On the other hand, the NLR is re-calculated 2-3 days after hospitalization, and the response to the treatment may be assessed by comparison of this measurement with those on admission.
The relationship between mortality and the NLR value in AP has been reported in several studies. Gülen et al. (22) published a retrospective study in 2015 that divided 332 patients with AP into two groups of alive and dead. They identified that the NLR is significantly higher (p=0.041) in the group that had died than in the group that had survived. In the retrospective study by Li et al. (26) , the NLR was reported to be independently related to mortality in AP according to the outcomes of the univariate and multivariate analyses (hazard ratio=4.726, 95% CI: 1.627-13.726; p=0.004). Similar to the study by Gülen et al. (22) , higher NLR values were observed on admission in patients who lost their lives due to AP in the present study (26) than those survivors (p<0.001). Furthermore, the ROC analysis performed for the 100-day mortality prediction revealed an optimal cut-off value of 16.64 for NLR on admission, and the sensitivity and specificity values were 82.4% and 75.6%, respectively (AUC: 0.80, 95% CI: 0.74-0.86; p<0.001). Since we aimed to investigate the relationship between development of systemic complications in AP and NLR in our study, and since our mortality rate was low, we did not investigate the relationship between NLR and mortality in AP.
Our study has some limitations. The first is the single-center nature of our study. The second is the lack of patients with alcoholic pancreatitis in parallel with the religious beliefs of the community living in the proximity of our hospital. Our low number of severe AP cases and low mortality rates are also limitations. The relatively low number of cases may also be considered a limitation.
In recent years, the association between the NLR and the severity of AP has become prominent, and our study has also demonstrated this association with strong statistical results. Based on the evidence we presented in our study, we believe that the NLR as a single parameter is capable of predicting the systemic complications of AP. We believe that emergency department physicians should also consider NLR in addition to the multifactorial scoring systems for predicting the prognosis of AP in the emergency department.
